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the half-complementary target. Only a minute increase in absorbance at 260 nm was 
observed. 

Next, 2 jaL (20 picomoles) of each of the oligonucleotide targets (Figures 15A-G) 
were added to a solution containing 50 |iL of each probe (13 nM) in hybridization buffer. 
After standing for 15 minutes at room temperatxire, the solutions were transferred to a 
temperature-controlled water bath and incubated at the temperatures indicated in Table 4 
below for five minutes. A 3 fll sample of each reaction mixture was then spotted on a C-1 8 
silica plate. Two control experiments were performed to demonstrate that the aligrmient of 
both probes onto the target is necessary to trigger aggregation and, therefore, a color change. 
The first control experiment consisted of both probes 1 and 2 without target present. The 
second control experiment consisted of both probes 1 and 2 v^th a target 3 that is 
complementary to only one of the probe sequences (Figure 1 5B). The results are presented 
in Table 4 below. Pink spots signify a negative test, and blue spots signify a positive test. 

Notably, the colorimetric transition that can be detected by the naked eye occurs over 
less than TC, thereby allowing one to easily distinguish the perfect target 4 from the targets 
with mismatches (5 and 6), an end deletion (7), and a one base insertion at the point in the 
target where the two oligonucleotide probes meet (8) (see Table 4). Note that the 
colorimetric transition T^ is close in temperature, but not identical, to T^^. In both controls, 
there were no signs of particle aggregation or instability in the solutions, as evidenced by the 
pinkish red color which was observed at all temperatures, and they showed negative spots 
(pink) in the plate test at all temperatures (Table 4). 

The observation that the one base insertion target 8 can be differentiated from the 
fully complementary target 4 is truly remarkable given the complete complementarity of the 
insertion strand v^th the two probe sequences. The destabilization of the aggregate formed 
from 8 and the nanoparticle probes appears to be due to the use of two short probes and the 
loss of base stacking between the two thymidine bases where the probe tails meet when 
hybridized to the fiilly complementary target. A similar effect was observed when a target 
containing a three base pair insertion (CCC) was hybridized to the probes imder comparable 
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conditions, (T^ = STC). In the system described above in Example 5, targets with base 
insertions could not be distinguished from the fully complementary target. Therefore, the 
system described in this example is very favorable in terms of selectivity. This system also 
exhibited the same sensitivity as the system described in Example 5, which is approximately 
10 femtomoles without amplification techniques. 

The results indicate that any one base mismatch along the target strand can be 
detected, along with any insertions into the target strand. Importantly, the temperature range 
over which a color change can be detected is extremely sharp, and the change occurs over 
a very narrow temperature range. This sharp transition indicates that there is a large degree 
of cooperativity in the melting process involving the large network of colloids which are 
linked by the target oligonucleotide strands. This leads to the remarkable selectivity as 
shown by the data. 



TABLE 4 



Reactants 
(probes) + 
target 


Results 
(color) 




RT 


47.6X 


50.5X 


51. 4X 


5Z7X 


54.5X 


(1+2) 


pink 


pink 


pink 


pink 


pink 


pink 


(1 +2) + 3 


pink 


pink 


pink 


pink 


pink 


pink 


(1 + 2) + 4 


blue 


blue 


blue 


blue 


blue 


pink 


(1 + 2) + 5 


blue 


blue 


blue 


pink 


pink 


pink 


(1 + 2) + 6 


blue 


pink 


pink 


pink 


pink 


pink 


(1 + 2) + 7 


blue 


blue 


blue 


blue 


pink 


pink 


(1 + 2) + 8 


blue 


blue 


pink 


pink 


pink 


pink 



Example 8: Assays Using Nanoparticle-Oligonucleotide Conjugates 
A set of experiments were performed involving hybridization with 'filler' duplex 
oligonucleotides. Nanoparticle-oligonucleotide conjugates 1 and 2 illustrated in Figure 16A 
were incubated with targets of different lengths (24, 48 and 72 bases in length) and 
complementary filler oligonucleotides, as illustrated in Figures 16A-C. Otherwise, the 
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conditions were as described in Example 7. Also, the oligonucleotides and nanoparticle- 
oligonucleotide conjugates were prepared as described in Example 7. 

As expected, the different reaction solutions had markedly different optical properties 
after hybridization due to the distance-dependent optical properties of the gold nanoparticles. 
See Table 5 below. However, when these solutions were spotted onto a C-18 TLC plate, a 
blue color developed upon drying at room temperature or SO'^C, regardless of the length of 
the target oligonucleotide and the distance between the gold nanoparticles. See Table 5. 
This probably occurs because the solid support enhances aggregation of the hybridized 
oligonucleotide-nanoparticle conjugates. This demonstrates that by spotting solutions onto 
the TLC plate, the distance between the gold nanoparticles can be substantial (at least 72 
bases), and colorimetric detection is still possible. 



TABLE 5 

Target Length Results (Color) 

Solution TLC Plate 

24 bases Blue Blue 

48 bases Pink Blue 

72 bases Pink Blue 

Probes 1 + 2 only Pink Pink 



The color changes observed in this and other examples occur when the distance 
between the gold nanoparticles (the interparticle distance) is approximately the same or less 
than the diameter of the nanoparticle. Thus, the size of the nanoparticles, the size of the 
oligonucleotides attached to them, and the spacing of the nanoparticles when they are 
hybridized to the target nucleic acid affect whether a color change will be observable when 
the oligonucleotide-nanoparticle conjugates hybridize with the nucleic acid targets to form 
aggregates. For instance, gold nanoparticles with diameters of 13 nm v^U produce a color 
change when aggregated using oligonucleotides attached to the nanoparticles designed to 
hybridize with target sequences 10-35 nucleotides in length. The spacing of the 



99 



